DMS Footprinting.
The DNA oligonucleotides used for DMS footprinting were gel-purified, 5'-end-labeled with 32 P and denatured at 95 °C for 5 min, then slowly cooled to room temperature in 10 mM Tris−HCl buffer (pH 7.6) with or without 140 mM KCl. These samples were then treated with 5% DMS for 7 min in the presence of 47.5 ng/μL calf thymus DNA. The reaction was stopped by the addition of β-mercaptoethanol and glycerol to final concentrations of 7.7% and 2.6%, respectively. An 8% native PAGE gel was used to separate the single-stranded DNA, intramolecular G-quadruplex, and intermolecular Gquadruplexes based on their different electrophoretic mobilities. The DNA was recovered from the gel and treated with 5% piperidine for 16.5 minutes at 90 °C. The piperidine and two successive water washes were removed by Speedvac. The cleaved products were resolved on a 12% denaturing polyacrylamide gel.
Circular Dichroism (CD) Spectroscopic Study.
CD spectroscopic study of the oligonucleotides was performed on a Jasco J-810 spectropolarimeter (Jasco Inc. Easton, MD) equipped with a thermoelectrically controlled cell holder as described previously. An 1 mm optical path length quartz cell was used. A blank sample containing only buffer was used for the baseline correction. CD spectroscopic measurements were the averages of three scans collected between 230-350 nm. The scanning speed of the CD instrument was 100 nm/min, and the response time was 1 s. For measuring the T m value of an oligonucleotide, CD melting and annealing experiments were performed at 264 nm for three repeats, with a heating or cooling rate of 2°C/min, respectively.
NMR Spectroscopic Study.
NMR experiments were performed on Bruker DRX-600 MHz spectrometer as described previously (1-3). One-dimensional 15 N-edited gradient HMQC experiments with sitespecific 15 N-labeling were performed to identify guanine imino and H8 protons. Homonuclear 2D NMR experiments, including NOESY, TOCSY, and DQF-COSY, were collected at 5°C, 15°C and 25°C for DNA samples in water and D 2 O at pH 7, 95 mM K + . Jump-return and watergate experiments were used to suppress the water signal in the spectra. The relaxation delays were set to 2-2.5 s in 2D experiments. The mixing time for NOESY experiments was 200 ms. The software Sparky (UCSF) was used in peak assignments. 
